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Abstract An emerging insight in invasion biology is that
intra-specific genetic variation, human usage, and introduc-
tion histories interact to shape genetic diversity and its distri-
bution in populations of invasive species. We explore these
aspects for the tree species Paraserianthes lophantha subsp.
lophantha, a close relative of Australian wattles (genus
Acacia). This species is native to Western Australia and is
invasive in a number of regions globally. Using microsatellite
genotype and DNA sequencing data, we show that native
Western Australian populations of P. lophantha subsp.
lophantha are geographically structured and are more diverse
than introduced populations in Australia (New South Wales,
South Australia, and Victoria), the Hawaiian Islands, Portugal,
and South Africa. Introduced populations varied greatly in the
amount of genetic diversity contained within them, from being
low (e.g. Portugal) to high (e.g. Maui, Hawaiian Islands).
Irrespective of provenance (native or introduced), all popula-
tions appeared to be highly inbred (FIS ranging from 0.55 to
0.8), probably due to selfing. Although introduced popula-
tions generally had lower genetic diversity than native popu-
lations, Bayesian clustering of microsatellites and phylogenet-
ic diversity indicated that introduced populations comprise a
diverse array of genotypes, most of which were also identified
in Western Australia. The dissimilarity in the distribution and
number of genotypes in introduced regions suggests that non-
native populations originated from different native sources
and that introduction events differed in propagule pressure.
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Introduction
Large-scale human-mediated movements of species outside of
their native ranges have in many instances led to the establish-
ment of invasive populations. The introduction dynamics (i.e.
origin, route, number, and size of introductions) of newly
introduced species can profoundly impact their genetic make-
up on their new range (Taylor and Keller 2007), with impli-
cations for invasiveness (Lee 2002). Crucially, the interplay
between the genetic composition of introduced populations
and their introduction history is influenced by intra-specific
diversity and genetic structure within the native range (e.g. see
Le Roux et al. 2011). In some instances, genetic structure in
the native range may translate into locally adapted differences
and, depending on introduction dynamics (e.g. multiple vs.
single introductions), this may have important implications
for performance, risk assessment, and management of
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introduced species (Scott et al. 1998; Wardill et al. 2005;
Thompson et al. 2011).
Multiple introductions can allow populations to overcome
the constraints associated with genetic bottlenecks and density
dependence, often experienced by non-native species (Barrett
and Husband 1990; Blackburn et al. 2011). For example, the
introduction of individuals from several previously disjunct
and genetically divergent native populations can lead to new
genetic recombinations, increased genetic diversity, and
higher adaptive potential in the introduced range (Sakai et al.
2001; Lee 2002). This, coupled with strong novel selection
pressures in the new range, can contribute to rapid evolution
and increased invasiveness (Lavergne and Molofsky 2007).
Recombination events can increase if introduced populations
have been present in the new range for a long time, if multiple
introductions occurred continuously, or if non-native species
are selectively bred for human use such as forestry
(Richardson et al. 2015).
Woody plant species used in forestry and agriculture have
been widely distributed and cultivated for centuries, in many
instances resulting in invasive populations (Thuiller et al.
2006; Rejmánek and Richardson 2013). Such species tend to
have complex introduction histories (Le Roux et al. 2011) and
are often introduced repeatedly to a range of different ecosys-
tems and from varied native provenances over extended pe-
riods (e.g. Acacia mearnsii; Poynton 2009). These species
also possess a number of traits associated with invasiveness,
including rapid growth under a range of environmental con-
ditions. For example, Australian wattles from the genus
Acacia are a large group of species (>1000) that have been
widely disseminated for economic gain. Wattles are consid-
ered a model group in invasion biology because of the number
and the extent of invasions that resulted following these inten-
tional introductions (Richardson et al. 2011, 2015).
Paraserianthes lophantha (Willd.) I.C. Nielsen is within
the sister genus to Australian wattles (Brown et al. 2011;
Miller et al. 2011). This woody tree species has similar eco-
logical attributes (e.g. preference for Mediterranean-type cli-
mates) and invasive distributions to a number of Australian
wattles and is subject to similar management strategies
(Impson et al. 2011). P. lophantha displays high levels of
morphological variation (Brown et al. 2011), and two subspe-
cies are currently recognised: subspecies lophantha in
Western Australia and subspecies montana in Indonesia,
New Guinea, and the Solomon Islands (Nielsen 1992).
While no detailed introduction records of P. lophantha are
available, there is evidence supporting the international export
of mainly subspecies lophantha for ornamental and silvicul-
tural purposes to a number of regions globally (Barneby and
Grimes 1996, Henderson 2001, GBIF 2015).
P. lophantha subsp. lophantha is considered invasive in the
Canary Islands and Chile (Randall 2002), New Zealand,
Portugal, South Africa (Henderson 2001), and southern
California (Stirton 1978). P. lophantha is also invasive in
Hawaii, but morphological evidence led Oppenheimer et al.
(2002) to suggest that these populations belong to subspecies
montana. Translocations within Australia have resulted in
naturalised populations in New South Wales, South
Australia, and Victoria (Nielsen 1992; Barneby and Grimes
1996; Walsh and Entwisle 1996). In South Africa,
P. lophantha subsp. lophantha invades the margins of native
forests and forestry plantations, riverbanks, and wooded ra-
vines (Henderson 2001; Alston and Richardson 2006;
Gaertner et al. 2012). It produces large seed banks that are
viable for several years which make control of established
infestations challenging (Wilson et al. 2011). It is considered
an environmental transformer as it fundamentally alters the
structure and function of invaded habitats. For example,
P. lophantha is a nitrogen fixer with the ability to alter soil
chemistry, a common phenomenon associated with woody
legume invasions, including wattles (e.g. Yelenik et al. 2004).
We aim to improve our understanding of P. lophantha
subsp. lophantha invasions by assessing global genetic
diversity and population genetic structure using two types
of molecular markers. Given the large native range size of
P. lophantha subsp. lophantha in Australia, and because
species that are not frequently traded are likely to have
come from only a few introductions (Lockwood et al.
2005), we hypothesised that (1) globally introduced pop-
ulations will harbour substantially less genetic diversity
than populations in the native range; and (2) there will
be population genetic structure in native Western
Australian populations but not in introduced populations.
In addressing these issues, we hope to shed light on the
global movement of the species, with a particular empha-
sis on P. lophantha subsp. lophantha invasions in South
Africa.
Materials and methods
Sampling and DNA isolation
P. lophantha subsp. lophanthawas sampled from 11 localities
across the native range in Western Australia; 11 sites else-
where in Australia where the species has been introduced
(two sites in New South Wales, four sites in South Australia,
and five sites in Victoria); 13 sites in South Africa; and one
site in Portugal (Table S1, Fig. S1, Fig. 1). We also sampled
one population fromMaui in the Hawaiian Islands, thought to
represent P. lophantha subsp. montana (Oppenheimer et al.
2002). Leaf material from 238 individuals (between 4 and 20
individuals per site) was collected and stored on silica gel until
DNA extraction. Whole genomic DNA was extracted using
the cetyltrimethylammonium bromide (CTAB) method as de-
scribed by Doyle and Doyle (1990).
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Amplification of microsatellite markers
Microsatellites are useful to detect contemporary changes in the
genetic makeup of populations, like changes in allele frequen-
cies due to genetic drift, and the occurrence of genetic bottle-
necks (Sunnucks 2000). Six nuclear microsatellite loci previ-
ously developed forP. lophantha subspecies lophantha (Brown
and Gardner 2011) and 43 microsatellites developed for Acacia
mangium (Butcher et al. 2000), Acacia saligna (Millar and
Byrne 2007), and anA. mangium×Acacia auriculiformis hybrid
(Ng et al. 2005) were tested for amplification using conditions
described for their development. Successfully cross-amplified
loci were tested for polymorphism in 24 Western Australian
individuals and 24 individuals from the Hawaiian Islands.
Eleven highly polymorphic microsatellites (>6 alleles) were se-
lected for further analyses. The forward primers of all loci were
fluorescently end-labelled with 6-FAM, HEX, VIC, or NED.
Four multiplex PCRs were done per individual, using the
KAPA2G Fast Multiplex PCR kit (KapaBiosystems,
Cape Town, South Africa). PCR conditions for multiplex
PCRs are provided in Table S2. Each 25 μL reaction
contained 12.5 μL of 2X KAPA2G Fast Multiplex Mix
(KapaBiosystems, Cape Town, South Africa), 10 μM each for-
ward and reverse primer, 2 μL of template DNA (∼10 ng/μL),
made up to 25μLwith dH2O. Thermocycling consisted of initial
denaturation at 95 °C for 3 min, followed by 35 cycles of
Fig. 1 Hierarchical clustering of native and introduced populations of
Paraserianthes lophantha subspecies lophantha genotyped at 11 nuclear
microsatellite loci. Populations were sampled from invasive ranges in
Australia, the Hawaiian Islands, Portugal, and South Africa (b) and the
native range inWestern Australia (c). Each bar in the bar plots represents
an individual. Level 1 of the STRUCTURE analysis identified the
number of genetic clusters (K) as 2 (a). Populations marked with
asterisks had an individual that was not assigned confidently to either
of the two genetic clusters and were excluded from clustering in level 2
(b). The second level of the STRUCTURE analysis estimated six genetic
clusters (K = 6) for all samples. Mapped pie charts represent the
proportional makeup of six genetic clusters of individual populations.
Locality codes are explained in Table S3
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denaturation at 95 °C for 15 s, multiplex-specific annealing
(Table S2) for 30 s, 72 °C for 60 s, and final extension at
72 °C for 30 s. All PCR products were sized relative to a mo-
lecular size standard (LIZ500-250, PE Applied Biosystems).
Fragment sizing was conducted using an ABI Prism 3100
Genetic Analyzer (Applied Biosystems, Foster City, USA)
and visualised using GENEMARKER® version 1.95
(SoftGenetics LLC®, PA,USA).
Microsatellite utility, population genetic diversity
Scored microsatellite loci were tested for departures from
Hardy-Weinberg equilibrium for each population separately
using GENEPOP v 4.1 and 10,000 steps in the Markov chain
(Rousset 2008). For each population, the following genetic
diversity indices were calculated in FSTAT v. 2.9.3.2 (Goudet
2001): number of polymorphic loci (PL), number of private
alleles (PA), mean number of alleles (NA), mean observed and
expected heterozygosities (HO and HE), and mean inbreeding
levels (FIS). Significance of differences in these indices was
tested using a two-sample t test in R (R Core Team 2012).
Regional population genetic diversity and structure
The presence of isolation by distance was tested separately for
native (Western Australia) and introduced populations (South
Africa only) via Mantel tests using the online resource
IBDWS v 3.16 (Jensen et al. 2005). Mantel tests were con-
ducted using a matrix of pairwise genetic distances (FST
values) against log-transformed geographical distances.
Genetic diversity indices—number of alleles (NA), number
of private alleles (NPA), number of effective alleles (NE), unbi-
ased expected heterozygosity (uHE), HO, and FIS—were
calculated per region (Western Australia and introduced re-
gions by country) in GenAlEx v 6.5.02 (Peakall and Smouse
2012). Significance of differences in these indices between
native and non-native (South Africa and South Australia only)
populations was tested using a two-sample t test in R (R Core
Team 2012). Analysis of molecular variance (AMOVA) of
microsatellite allele frequencies was done partitioning variance
among native and introduced regions, among populations
within regions, and within populations using ARLEQUIN
(Excoffier and Lischer 2010) with 10,000 permutations.
Population genetic structure was inferred using a Bayesian
clustering algorithm implemented in STRUCTURE v2.3.2
(Falush et al. 2007). A spatially explicit, admixed model was
selected as it offers an improved method for identifying the
optimal number of genetic clusters (François and Durand
2010). STRUCTURE HARVESTER (Earl and von Holdt
2011) and the ΔK method of Evanno et al. (2005) was used
to determine the number of genetic clusters in all native and
introduced populations. All models were run for 1,000.000
generations, of which 100,000 were discarded as burn-in. K
values were simulated from one upwards until K exceeded the
total number of collected populations. After determining the
number of genetic clusters (K) for the full dataset (referred to
as level 1 analysis hereafter), each individual was assigned to
the genetic cluster for which its inferred ancestry was the
highest, provided this value was higher than 0.6, i.e. more than
60 % of the genome assigned to a particular cluster. This
allowed us to hierarchically detect sublevels of genetic struc-
ture (Coulon et al. 2008) by repeating the analyses described
above for each of the genetic clusters identified during level 1
analysis separately (referred to as level 2 analysis hereafter).
To assess the strength of the clusters inferred by the level 2
STRUCTURE analysis, among-cluster FST values were cal-
culated using FreeNA (Chapuis and Estoup 2007). We also
used the ‘lattice’ package in R (R Core Team 2012) to create a
heat map of population pairwise, null allele-corrected FST
values estimated in FreeNA (Chapuis and Estoup 2007). The
significance of inferred population genetic structure (FST
values) among invasive populations, among invasive and na-
tive populations, and among native populations was assessed
using permutation tests with 1000 iterations in GenAlEx v
6.5.02 (Peakall and Smouse 2012).
DNA sequence variation and structure
DNA sequencing data were employed to investigate the his-
torical population genetic structure of P. lophantha. The nu-
clear external transcribed spacer (ETS) region was amplified
for a subset of collected individuals (Table S1) using primers
described in Brown et al. (2008) and the PCR setup and con-
ditions described in Le Roux et al. (2011). Sequence data were
visualised and edited in BIOEDIT version 7.0.5.3 (Hall 1999).
We also included sequence data from GenBank representa-
tives of P. lophantha subsp. lophantha (GenBank accession
numbers EF638104, HM800431, HM800432) and from a pre-
vious study (Le Roux et al. 2011). The final dataset comprised
65 accessions.
To assess the distribution of genetic variation between na-
tive and introduced populations, an AMOVAwas used in the
ARLEQUIN software package (Excoffier and Lischer 2010)
using 10,000 permutations and the same hierarchical setup as
for the microsatellite data. To assess relationships between
nuclear DNA sequences, we reconstructed haplotype net-
works using statistical parsimony with a 95 % connection
limit in TCS v.1.21 (Clement et al. 2000).
Results
Most populations had loci displaying significant departures
from Hardy-Weinberg equilibrium. Native Western
Australian populations harboured more alleles than those in
the introduced range (NA=3.90 vs. 3.17), had more private
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alleles (NPA = 6 vs. 3.29), and more polymorphic loci
(PL=8.29 vs. 7.35). They also displayed lower levels of in-
breeding (FIS=0.46 vs. 0.66) and had higher levels of ob-
served heterozygosity (HO=0.31 vs. 0.18, Table S3), although
of all genetic diversity indices measured, only expected het-
erozygosity was significantly different between native and
introduced populations (HE=0.58 in native vs. 0.51 in intro-
duced Table S3).
Regional population genetic diversity and structure
There was no evidence of significant isolation by distance in
either Western Australian (R2 = 0.009, P=0.296) or South
African (R2=0.0144, P=0.220) ranges of P. lophantha subsp.
lophantha (Fig. S2). Overall, native Western Australian pop-
ulations were more diverse than introduced populations,
displaying higher levels of alleles, private alleles, and effective
alleles (Table 1). Observed heterozygosity was highest in
Maui (HO=0.30) and lowest in Portugal (HO=0.05). Levels
of inbreeding were high and similar for all regions sampled,
indicating a deficit in heterozygosity (Table 1, Table S3).
South Africa and Maui were the most genetically diverse in-
troduced populations, displaying the highest levels of private
and effective alleles compared to other introduced populations
(Table 1).
Most microsatellite genetic diversity resided within popu-
lations (66.11 %) and the least among native and introduced
ranges (variance=4 %, Table 2). The AMOVAwas supported
by low but significant levels of differentiation between native
and introduced ranges (FST=0.08, P≤0.001; Fig. 2). At the
regional level, the lowest level of population differentiation
was estimated among native Western Australian populations
and introduced South African populations (FST<0.01; Fig. 2).
Within native Western Australia populations showed signifi-
cant population genetic structure (FST=0.16, P≤0.001).
Level 1 of the hierarchical Bayesian clustering analyses
including all native and introduced populations identified
two genetic clusters (K=2) with relatively low differentiation
(FST=0.14, Fig. 1a), mostly corresponding to native and in-
troduced populations. The level 2 STRUCTURE analysis
identified six genetic clusters (K=6, Fig. 1b, c, Fig. S3) with
low to moderate levels of differentiation (low FST=0.112 be-
tween blue and green clusters; moderate FST=0.436 between
red and purple clusters, Fig. 1, Fig. S3). Among invasive
populations, single genetic clusters with limited or no admix-
ture were present in populations from Portugal (population
POR), the Hawaiian Islands (HAW), South Africa (PIK and
VAN), and the introduced range in Australia (CCP, MTJ, and
ADE).
In the native Western Australian range, our clustering anal-
ysis indicated that all six genetic clusters identified in the level
2 analysis were present (Fig. 1b, c, Fig. S3). Single genetic
clusters with limited or no admixture were evident for popu-
lations collected from Jarrahdale and Margaret River (popula-
tions JAR and MAR). The remainder of invasive and native
populations showed some evidence of admixture between two
or more genetic clusters (Fig. 1b, c).
DNA sequence variation and phylogeographic structure
As with the microsatellite data, levels of genetic diversity for
nuclear ETS DNA sequencing data were lowest between the
native and introduced ranges and highest within populations
(Table 2). Network analysis retrieved ten unique DNA se-
quences and low intra-specific divergence within the 65 indi-
viduals of P. lophantha subsp. lophantha contained within a
single network (Fig. 3). Two high-frequency sequences were
shared between individuals collected inWestern Australia, east-
ern Australia, and South Africa (Fig. 3). All sequences identi-
fied from native populations were also found in introduced
Table 1 Regional genetic diversity indices for native and introduced populations of Paraserianthes lophantha genotyped at 11 nuclear microsatellite
loci
Population N NA NPA NE HO uHE FIS
Native
Western Australia 70 12.82 (2.03) 5.73 (1.57) 5.92 (1.13) 0.16 (0.04) 0.72 (0.07) 0.80 (0.04)
Introduced
South Australia 24 3.73 (0.65) 0.36 (0.24)* 2.10 (0.29)* 0.11 (0.05) 0.43 (0.09) 0.75 (0.09)
Hawaiia 20 6.09 (0.88) 3.10 (0.74) 3.13 (0.66) 0.30 (0.08) 0.60 (0.05) 0.55 (0.09)
Portugala 10 1.45 (0.43) 0.10 (0.09) 1.11 (0.33) 0.05 (0.02) 0.21 (0.09) 0.68 (0.14)
South Africa 114 8.64 (1.47) 2.45 (0.82)* 3.7 (0.07)* 0.16 (0.09) 0.60 (0.09) 0.79 (0.07)
Standard error of the mean values represented in parenthesis
N number of individuals per group, NA mean number of alleles, NPA number of private alleles, NE number of effective alleles, HO mean observed
heterozygosity, uHE unbiased expected heterozygosity, FIS mean inbreeding coefficient
*Significantly different from the native range
a Populations for which significance was untested due to low sample size
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populations, but five sequences were uniquely present in intro-
duced populations—two in Maui, one in Portugal, and two in
South Africa.
Discussion
High genetic diversity in the introduced ranges of non-native
species has been repeatedly linked with multiple introductions
and, in some instances, their invasive success (e.g. Lavergne
and Molofsky 2007; Rollins et al. 2009; Tang et al. 2009;
Gaudeul et al. 2011). The amount of genetic diversity in the
introduced range is dependent on the interplay between intro-
duction history and the genetic structure present within the
native range. We found substantial intra-specific genetic di-
versity that is geographically structured in the Western
Australian native range of P. lophantha subsp. lophantha,
i.e. similar genetic clusters are in close geographic proximity
but are isolated from other such clusters. We also provide
support that multiple individuals from a number of Western
Australian genetic clusters have been introduced to South
Africa, whereas introductions to Portugal and the Hawaiian
Islands are of less diverse origins. This is congruent with other
studies on closely related taxa—species native to Western
Australia that have high genetic structure and that were intro-
duced to South Africa on multiple occasions have diverse and
admixed genotypes in South Africa (e.g. Acacia cyclops, Le
Roux et al. 2011; A. saligna, Thompson et al. 2012).
P. lophantha subsp. lophantha was independently intro-
duced in 1833 and 1835 to the Western Cape Province of
South Africa. These introductions were directly from
Australia and were likely characterised by low propagule pres-
sure (number and size of introduction events, Stirton 1978).
Therefore, based on our clustering analyses, these introduc-
tions must have included propagules sourced from several
populations in Western Australia prior to their arrival in
South Africa. High genetic diversity in the introduced range
as a result of wide geographic sampling and/or widespread
plantings within Australia has been previously reported for
wattles imported to South Africa and elsewhere in the world
(e.g. Acacia pycnantha, Le Roux et al. 2013; A. saligna,
Thompson et al. 2015). Such genetic data corroborate the
well-documented introduction histories for many Australian
wattles which indicates that, in many instances, wide geo-
graphic sampling occurred in Australia prior to the dissemi-
nation of propagules in South Africa (e.g. A. mearnsii was
introduced to South Africa from over 20 provenances
throughout its native range; Poynton 2009).
Table 2 Hierarchical AMOVA
partitioning genetic variation in
Paraserianthes lophantha
subspecies lophantha at three
levels: among native and invasive
ranges, among populations, and
within populations within native
and invasive ranges
d.f. Sum of squares Percent variation (%) P value
Microsatellite data
Among native and invasive range 1 33.59 4.00 <0.001
Among populations 22 280.88 29.89 <0.001
Within populations 214 517.87 66.11 <0.050
Sequence data
Among native and invasive range 1 0.68 2.31 <0.001
Among populations 14 6.98 42.15 <0.001
Within populations 38 5.38 55.54 0.094
Fig. 2 Heat map of pairwise FST values estimated between regional
(introduced and native) populations of Paraserianthes lophantha
subspecies lophantha. The significance of regional FST values was
evaluated using 1000 permutations (asterisks indicate P ≤ 0.001)
Fig. 3 Relationships among unique Paraserianthes lophantha nDNA
(ETS, n = 65) sequences based on statistical parsimony. Each circle
represents a unique DNA sequence; circle sizes are proportional to ETS
sequence frequencies. Colours indicate the relative proportion of ETS
sequences in different regions, and connecting lines indicate single
mutational steps between sequences
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We found no records of the introduction history of
P. lophantha subsp. lophantha to eastern Australia, Portugal,
and the Hawaiian Islands. However, Portuguese populations
harboured extremely low levels of genetic diversity (allelic
diversity, observed heterozygosity), suggesting an introduc-
tion event characterised by low propagule pressure, however,
this may also be because we sampled a single population in
Portugal. By contrast, the Maui population in the Hawaiian
Islands, while representing a single genetic cluster based on
Bayesian assignment tests and one population, harboured sub-
stantial genetic diversity and showed moderate levels of ob-
served heterozygosity. This may indicate substantial propa-
gule pressure, but with propagules sourced from a geograph-
ically restricted range in Western Australia (e.g. Margaret
River area). All populations, irrespective of origin, consistent-
ly showed significant deficits in heterozygosity and, subse-
quently, high levels of inbreeding.
Although P. lophantha from the Hawaiian Islands is
thought to be subspecies montana (Oppenheimer et al.
2002), and despite the unique ETS genotypes and many pri-
vate microsatellite alleles identified within the Maui popula-
tion, the differentiation observed here does not clearly sepa-
rate Hawaiian accessions fromWestern Australian accessions.
Various other studies have distinguished closely related sub-
species of Acacia using the same genetic markers used in this
study (e.g. A. pycnantha, Ndlovu et al. 2013; A. saligna,
Thompson et al. 2012, 2015). In fact, population differentia-
tion based on microsatellite data between Hawaiian and
Western Australian populations was similar to the differentia-
tion between South Africa andWestern Australia (Fig. 2). The
most parsimonious conclusion is that Hawaiian populations
were incorrectly identified and are in fact P. lophantha
subsp. lophantha. In their taxonomic treatment, Barneby and
Grimes (1996) state “A species [P. lophantha] of bicentric
range in East Indies and S W Australia of which the typical
subspecies, endemic to S WAustralia, has been cultivated in
tropical and warm-temperate regions of both hemispheres…”,
further supporting the global movement of a single subspe-
cies. Barneby and Grimes (1996) also proposed an alternative
classification reducing P. lophantha to a single taxon (with no
subspecies) that is morphologically variable but which dis-
plays low levels of genetic divergence. Unfortunately, a lack
of data for the native range of P. lophantha subsp. montana
precludes any inferences about the presence of subspecies
montana outside its native range. To better understand the
intra-specific genetic variation within P. lophantha, future
work should include material from the native regions of sub-
species montana in southern Indonesia.
Overall, our approach was able to identify contrasting ge-
netic signatures in introduced populations of P. lophantha
subsp. lophantha and reinforces the need to consider native
intra-specific diversity and a species’ history of introduction
when attempting to reconstruct invasion histories.
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